REMARKS 

This Preliminary Amendment cancels the original claims, without prejudice, in the 
underlying PCT Application No. PCT/DE03/02260. The Preliminary Amendment also adds new 
claims 12-23. The new claims conform the claims to U.S. Patent and Trademark Office rules and 
do not add new matter to the application. 

In accordance with 37 C.F.R. § 1.125(b), the Substitute Specification (including 
the Abstract) contains no new matter. The amendments reflected in the Substitute Specification 
(including Abstract) are to conform the Specification and Abstract to United States Patent and 
Trademark Office rules or to correct informalities. As required by 37 C.F.R. §§ 1.121(b)(3)(ii) 
and 1.125(c), a Marked-Up Version of the Substitute Specification comparing the Specification 
of record and the Substitute Specification also accompanies this Preliminary Amendment. 
Approval and entry of the Substitute Specification (including Abstract) are respectfully 
requested. 

The underlying PCT Application No. PCT/DE03/03389 includes an International 
Search Report, dated April 22, 2004, a copy of which is submitted herewith. 

Applicants assert that the subject matter of the present application is new, non- 
obvious, and useful. Prompt consideration and allowance of the application are respectfully 
requested. 
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SUPPLY LINE STRUCTUPvE 
Background Inform atie ftF/e/J Of The Invention 

The present invention relates to a supply line structure for supplying energy to the electrical 
components of an automotive vehicle and for transmitting information between at least some of 
the electrical components, the supply lines preferably being arranged in a star structure having 
5 at least one star point. 

Background Information 

Such oA supply line structure is described in nene/70/z-prepublished German patent 
application Patenr Application No. 101 42 4 10.8 470 filed by the applicant applicanrs. 

10 

A supply line structure of this type is intended to support communication between various 
electrical components, for example between a door control unit and a seat control unit, and also 
to supply energy to these components. This approach is referred to as power line 
communications. Here it has been found to be useful to restructure the wiring harness that is 

1 5 already present in the existing technology in such a way that the supply lines are arranged in a 
star structure having at least one star point. In the known supply line structure, the use of 
so-called twisted pair cables to supply power to the components has proven to be advantageous. 
These cables are understood to mean double cores or conductor litz wires that are twisted 
together and that result in an improvement in interference immunity and that have various 

20 characteristic impedances that are a function of the degree of twisting that is carried out. Since 
a star point within a conductor system may always be regarded as a parallel connection of 
resistors, a very low impedance results for the star point, which, at the star point, leads to 
undesirable reflections of the wave propagating in a supply line branch in the direction of the 
star point. However, this effect may be suppressed by wiring of the line branch in the area of 

25 the star point, as proposed in the aforesaid German patent application P atenr Application No. 
101 42 410.8. 470. 



Objective and Achievement of the Invention 
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A further problem with the supply line structure described above is, however, the transmission 
of high electrical currents. If the aforesaid twisted pair cables are used, their limited 
cross-sectional area, which makes them more practical to twist, imposes limits as to the current 
that may be carried. Moreover, it is expensive to manufacture twisted pair cables that have a 
5 large cross-sectional area. 

Summan> Of Tlie Invention 

Therefore, an object of the present invention is to also be able to transmit high supply currents 
with the supply line structures of the species. 



Starting from the aforesaid supply line structure, this object is accomplished by the invention in 
that at least a portion of the supply lines includes a coaxial arrangement of a plurality of outer 
litz wires of the line disposed around a central litz wire of the line. 

15 Summary of th e Inv e ntion 

The present invention therefore proposes, in order to supply power to individual high-current 
consumers or to supply power to central distribution nodes - in other words star points within 
the supply line structure - that a coaxial arrangement of line litz wires be used to form the given 
section of the supply line. This results in a very large line cross-sectional area, which permits 

20 the transmission of high currents, even those well in excess of 10 A, to supply energy, 
something that would not be possible with individual twisted pair cables since the line 
cross-sectional areas required for this would no longer economically permit the line litz wires 
to be twisted together. 

25 Selectivity, as well, may be accomplished, for example with the aid of a central fuse box, by 
using a coaxial arrangement of a plurality of outer litz wires about a central litz wire. This 
would require a plurality of twisted pair cables, which would then have, however, have to be 
installed in bundled form, which must be viewed as costly. 

30 The arrangement proposed according to the present invention includes a plurality of outer litz 
wires, especially having the same cross-sectional area, and one central litz wire, referred to as 
the guide litz wire, around which the outer litz wires are disposed or wound. However it is also 
conceivable to use a litz wire having a larger cross-sectional area for the guide litz wire than in 
the case of the outer litz wires. Likewise, it is possible, in order to configure the guide litz wire, 

35 to use a plurality of litz wires, similar to a braided wire cable. It has been found to be 

advantageous when 5-10, more preferably 5-8, outer litz wires are provided around the central 
guide litz wire. In this regard, 6 outer litz wires have been found to be especially advantageous. 



10 
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Good empirical results were obtained with line litz wires having a cross-sectional area of 2-3 
mm 2 , in particular of approximately 2.5 mm 2 . 

In a further embodiment of the invention, it proves to be particularly important when the outer 
5 litz wires of the line are short-circuited relative to each other, preferably at both of their ends, 
via capacitors utilizing high-frequency technology. In this way, the resulting supply line 
section performs in the same way as a coaxial cable for HF data signals. 

Since the central litz wire or the guide litz wire in the interior of the coaxial layout generally has 
10 a smaller cross-sectional area than the total of the cross-sectional areas of the outer litz wire, it 
has been found to be advantageous to be able to return direct-current components via the 
vehicle body when high current loads are being transmitted. For this purpose, it has been found 
to be advantageous to connect the central litz wire, preferably at both of its ends, to the vehicle 
body. 

15 

In this case, however, in-phase currents may be formed across the body in a disadvantageous 
manner. However, this may be advantageously counteracted by using an inductive coupling 
between the outer litz wires and the central litz wire. For this purpose, a ring-shaped core 
containing or made of ferritic material may be used and may simply be slid over the respective 
20 section of the supply line, so that the supply line passes through this annular core. In this way, 
a common mode coil is formed. In order to further increase the impedance for in-phase currents, 
it is possible to route the coaxial arrangement of line litz wires at least one time or more than 
one time about the annular core, so that the supply line forms one or more loops through and 
around the annular core. 

25 

It has been found that a characteristic impedance of the coaxial arrangement of line litz wires 
may reach 35-50 ohms, in particular around 40 ohms. 

Using the supply line structure of the present invention, and with a line length of 5 m in the 
30 frequency range between 100 and 250 MHz, a transmission characteristic of - 1 .4 dB to -4.4 dB, 
advantageously from -1 .9 dB to -3.7 dB, may be reached, which is to be considered especially 
suitable. Large currents are able to be transmitted. 

In order to suppress the in-phase currents at transitions between the central litz wire and the 
vehicle body, or between the outer litz wires and further branches that in particular have 
35 twisted pair cables, the use of annular cores with ferritic material as common mode coils has 
proven to be effective. 

Brief Description Of The Drawings 
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Figure 1 shows a schematic representation of a coaxial arrangement of litz wires in a supply 
line. 

Figure 2 shows a schematic representation of outer litz wires short-circuited using HF 
5 technology. 

Figure 3 shows a schematic representation of the use of an annular ferrite core as a common 
mode coil. 

1 0 Figure 4 shows a schematic representation of the connection of a section in accordance with 
the invention to a metal plate (vehicle body). 

Figure 5 shows an equivalent circuit diagram of the arrangement shown in Figure 4 with a 
common mode coil. 

15 

Figure 6 shows the transmission characteristic of a supply line according to the invention with 
and without a common mode coil. 

Figure 7 shows the transmission characteristic of a 5-m-long supply line. 

20 

Drawing 

Additional charact e ristics, possibl e applications, and advantag e s of th e pr e s e nt inv e ntion may 
b e d e riv e d from th e following d e scription of e x e mplary e mbodim e nts of th e inv e ntion that ar e 
depict e d in th e drawing. All of th e d e scrib e d or illustrated f e atur e s p e r s e or in any giv e n 
25 combination constitut e th e subj e ct matt e r of th e inv e ntion, r e gardl e ss of how th e y ar e 

summariz e d in th e pat e nt claims or th e ir ant e ced e nts, as w e ll as ind e p e nd e ntly of how th e y ar e 
word e d or pr e s e nt e d in th e d e scription or in th e drawing. 
Th e drawingsjhqw: 

Figur e 1: a sch e matic r e pr e s e ntation of a coaxial arrang e ment of litz wir e s in a I 

supply lin e ; 

Figur e 2: a sch e matic r e pr e s e ntation of out e r litz wir e s short circuit e d using 

HF t e chnology; 

Figure 3: a sch e matic r e pr e s e ntation of th e us e of an annular ferrit e cor e as a 

common mod e coil; 
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Figur e A : a schematic r e pr e s e ntation of th e conn e ction of a s e ction in 

accordanc e with th e inv e ntion to a metal plat e (vehicle body); 



an e quival e nt circuit diagram of th e arrangem e nt shown in Figure 4 
with a common mod e coil; 



Figur e 6: 



the-fc 



1 charact e ristic of a supply lin e according to th e 



invention with and without a 



1 mod e coil; 



, Figur e 7: 



th e transmission charact e ristic of a 5 m long supply lin e according to 



tho inv e ntion (d e t e rmin e d -^ 



a m e asurem e nt technology and 



Detailed Description of the Ex e mplary Embodim e nts 

Figure 1 shows a cross-sectional view through the coaxial arrangement according to the present 
invention of seven litz wires having the same cross-sectional area of 2.5 mm 2 each, six outer 
litz wires 4 being arranged around one central or guide litz wire 2. Dimension d is 1.78 mm, 
and dimension D is 6.8 mm. When this arrangement is used in a supply line structure to supply 
energy to the electrical components of an automotive vehicle and to transmit information 
between at least some of these electrical components, outer litz wires 4 are connected to a 
positive potential, and central litz wire 2 is connected to a negative potential. The six outer litz 
wires 4 are able to be individually protected at a central fuse box - for example in the engine 
compartment. The other end of this supply line according to the invention may be connected to 
a distributor box at a different central point in the automotive vehicle, for example beneath the 
rear seat. This central point then forms a star point in the supply line structure. 



15 As shown in Figure 2 and as is represented there schematically, outer litz wires 4 are 

short-circuited using HF technology with the aid of capacitors 6, preferably at both ends of the 
coaxial cable arrangement, so that the arrangement of the invention for forming a supply line 
for HF data signals behaves in a manner similar to that of a coaxial cable. 



20 In particular when high currents are being conducted, the problem of the feedback of the 
direct-current components arises. As indicated initially, it proves to be advantageous, 
particularly for high currents, to feed back the direct-current components through the vehicle 
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body. For this purpose, both ends of central or guide litz wire 2 of the arrangement according to - 
the invention are also connected to the vehicle body, which is not shown. However, this causes 
in-phase currents to be present across the vehicle body. This effect is counteracted - as also 
described initially - by using an annular core containing or made of ferritic material. Such an 
5 annular core 8 is shown in Figure 3a, one outer litz wire 4 that conducts a current Ii, as well as 
central litz wire 2 that conducts a current I2 being represented schematically at the same time. 
Annular core 8 is simply slid over the coaxial arrangement of litz wires 2, 4, so that this coaxial 
arrangement, or the section of the given supply line that is configured in accordance with the 
invention, extends through annular core 8. 
10 In order to increase the impedance for the in-phase current component, it would also be 

conceivable and advantageous if the supply line section that is being considered were to be 
looped one time or more than one time around the cross section of annular core 8, as is 
indicated schematically in Figure 3b. 

15 To get a better idea of the effect of annular core 8, in other words the common-mode-coil 

coupling, refer to Figure 4, which provides a schematic representation of the connection of a 
section of a supply line 10 in accordance with the invention to a generator Uq and a metal plate 
12 representing the vehicle body. An equivalent circuit diagram is shown in Figure 5. 

20 Generator Uq is connected on the one side of supply line 1 0. On the other side of supply line 1 0, 
a load resistor ZLoad is provided between outer litz wires 4 and central litz wire 2. If, in an 
unfavorable case, the potential at the inner conductor, i.e. central litz wire 2, is also connected 
to metal plate 12, the shielding of the coaxial cable formed in this manner - in other words outer 
litz wires 4 - and metal plate 12 are therefore at different potentials. As a result of parasitic 

25 capacitances, which are represented in the equivalent circuit diagram in Figure 5 as C p , 

between the shielding and metal plate 12, a circuit is closed and an in-phase current flows. If on 
the generator side of supply line 1 0 an annular core 8 made of ferritic material is added, as 
described above, this in-phase current is able to be largely prevented, since the impedance Z C m 
of the common mode coil formed by annular core 8 significantly increases the original 

30 impedance of the circuit. In order to provide a better understanding of the conditions that are 
present, an HF approach is not used. Thus, for the equivalent circuit diagram shown in Figure 5, 
it was assumed that the line length is "short" relative to the wavelength. Therefore, the 
equivalent circuit diagram may be prepared using discrete components. 
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Figures 6a and 6b show the measurement results for the scenario under consideration when a 
3-m-long supply line 10 is used. The measurement was performed in Figure 6a for the case 
with inductive coupling and for the case without inductive coupling via an annular ferritic core. 

5 Clear advantages are able to be seen when an annular core is used. 

The chart shown in Figure 6b shows measurements with various connections to metal plate 12. 
First, supply line 10 itself was measured by separating the connection to metal plate 12. 
Moreover, the condition of the connection of central litz wire 2 of supply line 10 both on the 

10 generator side as well as on the load side to metal plate 12 is shown. This actually represents 
the special case for Cp !□, or a bridging of capacitor Cp. Here one use would be the additional 
direct-current path via the vehicle body, as already mentioned. Finally, for a direct comparison, 
one connection to metal plate 12 only on the generator side is represented. In this context, for 
all measurements, an annular core (common mode coil) was used on the generator side of 

15 supply line 10. The measurement results show that the curves differ from each other only by 
approximately 2 dB. Thus, an additional direct-current path via the vehicle body is definitely 
able to be implemented without producing any negative effects on the transmission 
characteristic of supply line section 10 within the supply line structure. 
With regard to the characteristic impedance 

20 In order to calculate the characteristic impedance of a coaxial line arrangement, the following 
equation is used: 



Since the cover or shielding of the coaxial line arrangement does not have a constant distance 
to the guide litz wire along its entire periphery, a mean diameter is used for D in Equation 1 . 
When a PVC-insulated copper line having a cross-sectional area of 2.5 mm 2 according to the 
example depicted in Figure 1 is used, having one guide litz wire and six peripheral litz wires, 
30 the impedance calculated according to Equation 1 is: 




r, Insulation 



is the dielectric constant of the insulation material being used. D and d may be 



seen in Figure 1 . 



25 



= 42.99^ 



NY01 985459 vl 



7 



MARKED-UP COPY 



where d = 1 .78 mm and D = 6.8 mm. 

Using measurement technology, a characteristic impedance of 
5 was obtained, thus confirming the equation stated above. 
With regard to the damping factor 

Corresponding to the relationships for a coaxial line arrangement, the damping factor resulting 
1 0 from the conductor losses c<l of a coaxial line arrangement may be approximated using the 
following equation: 



20 



Mo Mr, conductor H cl f~r 



The damping factor of the dielectric losses a D may be approximated in a manner analogous to 
the above procedure using the equation 

_ I tanS 

a D ~ 71 ' A/ £ r, insulation / 

With regard to the capacitance per unit length 

The capacitance per unit length C of a coaxial line arrangement may be approximated using the 
following equation: 

2 • 7t • £ 0 • S !„ su l at l on 



c=- 



In order to verify the above statements, the transmission characteristic of a 5-m-long coaxial 
line arrangement having seven litz wires, each with the same cross-sectional area of 2.5 mm 2 , 

were tested and modeled using the approximation equations given above. In so doing, Sr =3.5 

was used for dielectric constant £r , and tan 5 = 1 5 • 1 0" 3 was used for the loss factor tan 5 for 
copper. Characteristic impedance Z L was approximated according to Equation 1 as Z L = 40 Q. 
The measurement itself was approximated at the reference impedance Zo = 40 Q. However, the 
measurement itself was performed at the reference impedance Z Q = 39 Q. 
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Finally, Figure 7 shows the transmission function determined using measurement technology, 
as well as the modeled transmission function. The modeled transmission function was 
calculated based on the above relationships using a least-squares estimator. The excellent 
agreement of the measurement and the simulation is apparent. 



NY01 985459 v I 



9 



MARKED-UP COPY 



Abstract O f The Disclosure 
Th e inv e ntion r e lat e s to a A supply line structure for supplying energy to the electrical 
components of an automotive vehicle and for transmitting information between at least some of 
the electrical components, the supply lines being disposed, in particular in a star structure 
having at least one star point; in order to be able to transmit high supply currents, the supply 
line structure is configured in such a way that at least a part of the supply lines (4-0)-includes a 
coaxial arrangement of a plurality of outer litz wires (4)-about a central litz wire-{2). 
(Figure 1) 



NY01 985459 vl 



10 



MARKED-UP COPY 



